The abnormal parameters reflecting the functional status of autonomic nerve can be regarded as a marker of cardiovascular diseases prognosis. Then based on the analytic hierarchy process, this paper proposed a quantitative evaluation method of autonomic nervous system activity and balance. According to the hierarchy analysis, heart rate variability parameters are divided into time domain parameters, frequency domain parameters, nonlinear parameters. The judgment matrix is constructed according to the relative importance of each index, then the weight of each index is calculated. The consistency test verifies the reliability of the judgment matrix. The results showed that with the increase of stimulation level, sympathetic nerve activity increased, and parasympathetic nerve activity decreased. The balance of sympathetic and parasympathetic increased. It showed that this model can reflect the change of autonomic nervous system, and has certain theoretical research value.
INTRODUCTION
The autonomic nervous system (ANS) which is also called the vegetative nervous system (VNS) consists of sympathetic nervous system (SNS) and parasympathetic nervous system (PNS). It plays an important role in the pathophysiological process of allergic rhinitis [1] [2] [3] [4] . Therefore, the research on the function of ANS has been paid more attention. In recent years, studies have shown that the relationship between ANS and sudden cardiac death has promoted the development of ANS functional indexes in the prediction of sudden cardiac death. But the evaluation of sympathetic and parasympathetic nerves is still in the qualitative stage, and there are many controversies. So the quantitative assessment of ANS is of great importance and remains challenging as well.
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At present, most of the detection methods of ANS can only reflect the changes of SNS or PNS, such as blood pressure variability, sympathetic skin response, RR interval changes etc. But the sensitivity and specificity of these methods are poor [5] . Studies have shown that heart rate variability (HRV) analysis can be used as a method to assess ANS. It has the advantages of non-invasive and quantitative [6] [7] [8] [9] . Based on the physiological significance of HRV, HRV parameters were measured before and after exhaustive exercise to study the relationship between HRV and ANS. Based on analytic hierarchy process (AHP), we proposed a new method to quantitatively analyze the activity and balance of ANS.
MATERIALS AND METHODS

Evaluation system index.
The analysis methods of HRV include time domain analysis, frequency domain analysis and nonlinear analysis. The high frequency components (HF) reflects the PNS level. The low frequency components (LF) is still controversial. It may only reflect the level of SNS and may also reflect SNS and PNS. The ratio of LF and HF (LF/HF) reflects the balance of SNS and PNS [10] [11] . But research shows that HF and LF can be significantly affected by many factors. Therefore, it can't only use these frequency domain parameters to analyze ANS. And this need to add index as circumstantial evidence [12] . Only using time domain or frequency domain analysis of HRV to analyze the modulation of ANS ignored the nonlinear characteristics of the HRV signal [13] . So this paper selected time domain parameters, frequency domain parameters and nonlinear parameters as the evaluation index. According to the AHP, the index system for evaluating ANS is presented in figure1.
Analytic hierarchy process (AHP).
According to the hierarchical structure of the system shown in figure1, we need to use the AHP to determine the weight of each index. The AHP method is shown as following steps [14] .
1. Construct the judgment matrix and assignment. This method aimed to set the priorities that depicts the relative contribution of each element against the objectives. Pairwise matrix is made by comparing each pair of alternatives against the criteria tested. Generally each test result must be weighted by the 1-9 scaling method which is put forward by Professor Satty (T.L.Satty) [15] .
2. According to the judgment matrix, the relative weight of the comparison element for the criterion is calculated.
3. For the general decision problem, decision makers cannot give a precise judgment matrix. So it is necessary to carry out consistency test and evaluate the reliability of the matrix. The steps for consistency test are shown as follows.
First calculate consistency index CI.
(1) Figure 1 . Evaluation system of activity and balance of ANS. Find the corresponding average random consistency index RI. The value of RI is botained as follows. 500 sample matrices are constructed by random method. Randomly extracting the numbers from the 1-9 and its reciprocal construct the positive and negative inverse matrix. And the mean value of the largest eigenvalue is obtained. Defining the computational formula is shown below. (2) Then calculate consistency ratio CR.
In general the results of the analysis to be considered as consistent is when the value of CR≤0.1. If CR>0.1 it is necessary to conduct a re-evaluation consideration in preparing the comparison matrix.
4. Calculate the weights of each layer factors to the system, and sort.
Model of activity and balance of ANS.
MODEL OF ACTIVITY OF ANS.
On the basis of the SA-3000P stress analyzer, this paper added time domain indexes and nonlinear indexes as circumstantial evidence, and established the evaluation system of activity and balance of ANS. In the analytic hierarchy process, the judgment matrices at each level are shown as follows. The value of consistency ratio (CR): 0.0158 From the above data, we can clearly know the weight of each element in the whole evaluation. According to the weight of these indexes, we can integrate the calculation model of the activity of ANS. The values of the activity of ANS were calculated. The computational model of activity is shown as follws. The value of consistency ratio (CR): 0.0079 Similar to the computational model of activity, the computational model of balance is shown as follws. 
RESULTS AND DISCUSSION
Experimental subjects.
The experiment selected 30 graduate students in Chongqing University of Posts and Telecommunications as experimental subjects. They are between 22 and 27 years old, health and no cardiovascular system diseases. Before the test, the subjects rest 10-15 min and test. The test is divided into 3 stages: (1) Baseline. When the subjects are quietly sit state, the 9 min HRV signals are acquired. (2) Mild stimulation. When the subjects are stand state, the 9 min HRV signals are acquired. (3) Severe stimulation. The subjects ultimately exercise for 2 min. Then the subjects rest 5 min. and the 9 min HRV signals are acquired. In order to avoid the interaction of each stage of the signal, every time after signal recording the subjects must rest 5 min.
Experimental results.
HEART RATE VARIABILITY ANALYSIS.
Heart rate variability analysis showed that, with the stress stimulation, each index had significant changes. The results showed that the heart rate variability is sensitive to the changes of the ANS. The accuracy of the model is verified by experimental data and the results were shown in the table as follows. Research shows that the effect of physiological stress on SNS and PNS is coordinated interaction model. The interaction mechanism is similar to the Taiji pattern with a positive and negative form. In view of this, in order to visually display the changes of SNS and PNS, according to the value of activity and balance simulating the Taiji pattern represents the interaction between SNS and PNS. The area of the Taiji pattern represents the value of autonomic nervous system activity. The value of balance is -100~100. According to the scoring principle, this paper took the center of the circle as the center. When the value of balance is 0, the SNS and PNS are in absolute balance. When the value of balance is 100, SNS is absolutely dominant. At this time, the area representing the SNS occupies almost the entire Taiji pattern. On the contrary, When the value of balance is -100, PNS is absolutely dominant. Taking one of the subjects as an example, the simulation results are shown as follows. The three images are the simulation results of subject at baseline, mild stimulation and severe stimulation.
SNS AND PNS
The simulation results are shown in figure2. It represents the change process of SNS and PNS. The black area represents the activity of the SNS and the white area represents the activity of the PNS. The value of the area does not represent the value of SNS or PNS activity. The change of the area only represents the relative variation trend of SNS and PNS. If the black area is larger, the SNS is relative dominant. On the contrary, if the white area is larger, the PNS is relative dominant. The experimental data of 30 subjects are simulated, and the size of the black area and the white area are calculated. The Paired Samples Test results are shown below. The results showed that the SNS activity increased significantly (P<0.01), which was in accordance with the trend of measured data of LFnorm. Studies have shown that LFnorm sensitively reflects changes of SNS. The results showed that the PNS activity decreased significantly (P<0.01), which was in accordance with the trend of measured data of HF and HFnorm. 
SUMMARY
According to the characteristics of HRV during stimulation, this paper proposed the mathematical model of the activity and balance of ANS. This model can well describe the changes of activity and balance of ANS during stimulation. It can also reflect the changes of SNS and PNS during stimulation. Because heart rate variability is now recognized as a sensitive and noninvasive method for autonomic nervous system evaluation. So this paper used the parameters of heart rate variability to construct new evaluation model. And this model is more practical in use. Based on using frequency domain parameters to analyze ANS, this paper added the time domain parameters and nonlinear parameters as the evaluation index. It can more comprehensively reflect the changes of heart rate variability and the changes of ANS activity and balance caused by different stimulation. The evaluation method of autonomic nervous system has certain theoretical research value and practical value. But it still deserves further exploration.
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